Aqueous micelles can exert a medium effect both on spontaneous and non-spontaneous reactions [1][2][3][4].In bimolecular reactions, the concentration effect influences the observed rate constant (k obs ) because the reactants can be brought together at the micellar surface, or kept apart. This effect is independent of reaction medium, so micellar rate effects have to be treated in terms of models that estimate partitioning of the two reagents between water and micelles and second order rate constants in each pseudophase. To apply these models, the reagent concentration has to be estimated in the micellar pseudophase, even if the volume available to the reactant is uncertain. Sometimes it is possible to measure reagent partitioning but often it is calculated by using equations that contain parameters whose values are uncertain [2], and comparison between second order rate constants that differ by less than an order of magnitude is not very meaningful. On the other hand, comparing first order rate constants is more significant because they are independent of reaction volume.
The aqueous micellar solutions of monocationic surfactants N-hexadecyl-N,N,N-trimethylammonium bromide (CTABr) , N, N, N, and gemini surfactants 1,4-bis(N-hexadecyl-N,N-dimethylammonium)ethane dibromide (C-E-C2Br), 1,4-bis(N-hexadecyl-N,N-dimethylammonium)propane dibromide (C-P-C2Br), and 1,4-bis(N-hexadecyl-N,N-dimethylammonium)butane dibromide (C-B-C2Br) were studied with a solvatochromic probe, 2,6-diphenyl-4-(2,4,6-triphenylpyridinium-1-yl)phenolate, better known as Reichard's ET-30 dye. The local polarity at the probe site (E T ) was calculated from the wavelength maximum of the lowest-energy intramolecular charge-transfer π-π* absorption band of ET-30. The results were compared with a kinetic investigation of the cyclization of 2-(3-bromopropyloxy)phenoxide (PhBr7) in micelles; this reaction is a model for S N 2 reactions and it depends on medium polarity. Cent. Eur. J. Chem. • 8(6) • 2010 • 1318 -1322 DOI: 10.2478 diphenyl-4-(2,4,6-triphenylpyridinium-1-yl)phenolate, better known as Reichard's ET-30 dye (Scheme 2). Because ET-30 is a solvatochromic molecule, its Uv-vis spectrum can be affected greatly by the solvent [12] . The solvent sensitivity of ET-30 is due to thelarger dipole moment of the ground state than the excited state. A decreasing solvent polarity results in a red shift; in fact, the absorption band is shifted by 357 nm from water (λ max = 453 nm) to ethyl ether (λ max = 810 nm). In light of this distinctive characteristic, ET-30 has been widely used as a probe for solvent polarity [13] [14] [15] and for studying the microscopic polarity of several aggregate systems [16] [17] [18] [19] [20] [21] . In particular, monocationic and gemini micellar aggregates were studied using ET-30 and other probes [22] [23] [24] [25] [26] [27] .
One of the most widely used polarity scales (E T ) is defined in reference to the wavelength maximum of the lowest-energy intramolecular charge-transfer π-π* absorption band of ET-30, as shown in Eq. 1. of the probes in the aggregate, this paper compares the results obtained with the different experimental approaches.
Experimental Procedure

Materials
Preparation and purification of surfactants and of PhBr7 have been described elsewhere [5, 7, 40] . 2,6-diphenyl-4-(2,4,6-triphenylpyridinium-1-yl)phenolate (ET-30) is a commercial material (Aldrich).
Sample preparation.
Micellar solutions were prepared in water as previously described [26] .
Spectrophotometric determination of E T .
The Uv-vis absorption spectra were measured with a HP 8452A spectrophotometer as described. The surfactant concentration, 0.02 M, is well above cmc, in order to exclude the presence of submicellar aggregates or small clusters [26] . 
Kinetics.
Reactions were followed in deionized, distilled, CO 2 -free water as described in previous work [7] . PhBr7 concentration was 1×10 -4 M.
Results and Discussion
Fig . 1 shows the variation of E T , calculated by Eq. 1, with temperature for monocationic surfactants, CTABr, CTANO 3 and CTBABr, and MeOH. The measurements in surfactant solutions were made with concentrations well above the critical micelle concentration (i.e., the concentration of surfactants above which micelles are spontaneously formed, indicated as cmc), where ET-30 is fully micellar-bound; in fact, in very dilute surfactant solutions the situation could be more complex because temperature affects equilibria involving substrate and monomeric, premicellar, and micellized surfactant [26] .
The values of E T in CTABr and in CTANO 3 are very similar, indicating that the counterion has little effect on aggregate polarity. This is in agreement with literature data for other N-hexadecyl-N,N,N-trimethylammonium surfactants [16] and with the kinetic measurement of the cyclization of PhBr7 that showed that the reactions in CTABr and CTANO 3 are similar [7] . This effect, however, is not a general rule because some counterions can cause unusual effects, as has been shown in previous studies involving betaine dyes [28, 29] .
The values of E T in CTBABr are smaller than in trimethylammonium surfactants because the bulky tributylammonium head group decreases the polarity of the micellar surface; this effect is further substantiated by the observed increase in the rate of cyclization of PhBr7 in CTBABr with respect to CTABr [7] . In these aggregate systems, E T decreases linearly with increasing temperature; this effect should exclude the presence of a sharp change in micellar structures.
The variation of E T with temperature is called thermochromism; the negative thermochromism was also reported in several systems, such as pure solvents [30] and binary mixtures [31, 32] and it derives from the decreased differential stabilization of the highly dipolar zwitterionic betaine ground state (µ g = 15 D) relative to the less dipolar excited state (µ e = -6 D) with increased solution temperature [33] . In a protic solvent, there is a strong hydrogen bond between the acidic hydrogen of the solvent and the anionic oxygen atom of the dye while the positive charge is shielded and delocalized by the aromatic rings [34] . In cationic micelles there is an interaction between the anionic oxygen atom and the cationic head group.
Plots of E T in CTABr, CTANO 3 and CTBABr micellar solutions versus T gave excellent straight lines, with negative slopes of -8.77×10
-3 , -1.10×10 -2 , -1.32×10
-2 kcal mol -1 K -1 , respectively. These values are less negative than that in MeOH (-3.27×10 -2 kcal mol 
2-PrOH: -3.59×10
-2 , CHCl 3 : -3.70×10 -2 kcal mol -1 K -1 ) [31, 35, 36] . In these aggregate systems, the decrease in the H-bonding with increasing temperature is balanced by a more hydrated structure of the aggregate; the dye is located in a region of the aggregate that is more exposed to water, and the slope of E T versus T is smaller.
The behavior of gemini surfactants is very interesting. Fig. 2 shows the variation of E T , calculated by Eq. 1, with temperature for dicationic surfactants C-E-C2Br, C-PC2Br and C-B-C2Br.
The plots of E T in C-E-C2Br and C-P-C2Br versus T gave straight lines, with negative slopes of -1.74×10 -2 and -3.18×10
-2 kcal mol -1 K -1 , respectively. On the contrary, for C-B-C2Br it is possible to observe two different patterns, with a break at 40°C. The different behavior of C-B-C2Br with respect to C-E-C2Br and C-P-C2Br is not surprising because the properties of gemini surfactants are strictly dependent on the spacer group that links the two head groups. In particular, the relative geometric disposition of the hydrophobic chains depends on the flexibility and the number of methylene groups of the spacer [37] .
The break could be due to a modification in the aggregate and, to verify if this effect is also observed with the kinetic probe PhBr7, the effects of temperature on the cyclization reaction were studied over a range of temperatures. As shown in Fig. 3 , temperature effects on rate constant fit the Eyring equation (Eq. 2)
where ∆H # and ∆S # are enthalpies and entropies of activation and k B , R and h are Boltzmann, gas and Planck constant, respectively.
The fit observed for the three gemini surfactants is linear and it should rule out abrupt changes in the micellar structures. The values obtained for ∆H # , given in Table 1 , are consistent with the interpretation that the micellar surface is less polar than water, because ∆H # for an S N 2-like cyclization decreases with decreasing solvent polarity [38] , as has already been observed in monocationic surfactants [9] . ∆S # is slightly positive in H 2 O and negative in aggregate systems. In H 2 O, the decrease in hydration with the release of water molecules from the aryloxide group offsets the loss of rotational degrees of freedom in the transition state of the cyclization. However, at micellar surfaces there is less initial state hydration and ∆S # becomes negative. This effect was already observed in monocationic surfactants [9] .
Unlike monotailed surfactants, the organization of gemini surfactants in the aggregate is a slow phenomenon [37] . This observation indicates that they form a highly ordered structure that can be disrupted by insertion of a cosolute.
The observation that different probes give different results may indicate that a cosolute can produce modification in the aggregate. While PhBr7 is small and soluble in water, ET-30 is scarcely soluble (the solubility in water is 7.2×10 -6 M) [22] and has a high degree of nonplanarity; the five phenyl rings are not coplanar and the torsional angle (χ) of the N-C bond between the pyridinium and the phenolate rings is χ = 48° [39] . This implies that the probes can be located in different zones of the aggregate, and they could feel the effects of different polarity of the micro environment. 
Conclusion
Spectroscopic and kinetic studies of surfactants with probes are rapid and simple techniques that give information about the aggregate structure. In spite of being very useful methods, the results obtained have to be interpreted carefully because different probes can be located in different zones of the aggregate, with different polarity.
